Enhancement of RNA synthesis by promoter duplication in tombusviruses.
Replication of tombusviruses, small plus-strand RNA viruses of plants, is regulated by cis-acting elements present in the viral RNA. The role of cis-acting elements can be studied in vitro by using a partially purified RNA-dependent RNA polymerase (RdRp) preparation obtained from tombusvirus-infected plants, Virology 276, 279- 288). Here, we demonstrate that the minus-strand RNA of tombusviruses contains, in addition to the 3'-terminal minimal plus-strand initiation promoter, a second cis-acting element, termed the promoter proximal enhancer (PPE). The PPE element enhanced RNA synthesis by almost threefold from the adjacent minimal promoter in the in vitro assay. The sequence of the PPE element is 70% similar to the minimal promoter, suggesting that sequence duplication of the minimal promoter may have been the mechanism leading to the generation of the PPE. Consistent with this proposal, replacement of the PPE element with the minimal promoter, which resulted in a perfectly duplicated promoter region, preserved its enhancer-like function. In contrast, mutagenesis of the PPE element or its replacement with an artificial G/C-rich sequence abolished its stimulative effect on initiation of RNA synthesis in vitro. In vivo experiments are also consistent with the role of the PPE element in enhancement of tombusvirus replication. Sequence comparison of several tombusviruses and related carmoviruses further supports the finding that duplication of minimal promoter sequences may have been an important mechanism during the evolution of cis-acting elements in tombusviruses and related RNA viruses.